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(54) MANUFACTURING METHOD OF NITRIDE SEMICONDUCTOR DEVICE 

(57)Abstract: W) 
PROBLEM TO BE SOLVED: To realize a nitride semiconductor 
device, using a nitride semiconductor as its substrate by making an 
n-type nitride semiconductor layer with a specific film thickness to , „ 

grow on a substrate, and by making nitride semiconductor layers 
containing acceptor impurities grow on the foregoing nitride 
semiconductor layer, and further, by removing thereafter the 
substrate therefrom (i) 
SOLUTION: A buffer layer 1 1 is made to grow in contact with a 
substrate 10 made of spinel (MgA1204). Then, an n-type nitride 
compound semiconductor layer 1 with a film thickness not smaller 
than 20|im is made to grow in contact with the buffer layer 1 1 . 
Further, an active layer 2 is made to grow in contact with the (,i 
semiconductor layer 1. Subsequently, nitride semiconductor layers 3, 
4 containing acceptor impurities are made to grow on the active 
layer 2. Then, a resultant wafer is taken out from a reaction , „, 

container, to remove the substrate 10 therefrom In this case, the 
buffer layer 1 1 is also removed naturally therefrom Further, an n- 
electrode 20 is provided on the surface of the semiconductor layer 1 corresponding to the bottom surface of the 
wafer, and an electrode comprising a translucent p-type electrode 21 and a pad electrode 22 is formed on the 
uppermost semiconductor layer 4. 




...inpit.go.jp/.. ./ wAAA4xa W_N DA41011... 



1/1 



(19) B*H#ffFJf (JP) 



« 2 > & n ft it & m ^) 



(43)&MB ¥$10^(1998) 5 £ 6 B 



(51)Int.Cl. 5 i^JIB^ F I 

H 0 1 L 33/00 H 0 1 L 33/00 C 

HOIS 3/18 HOIS 3/18 









9f#«©iSc7 OL (£10 J© 


(2i)fflgi*# 


^H¥8- 270375 




000226057 










(22)ffilBB 


8 ^(1996)103140 




aftftHffi*±*HrW491»»100 






(72) mm 


tt- 








«&*P»nW±*l«Tffl491#if!!l00 HMft 
























*AJW*n*rtf±<Wffl49l#ifil00 HMft 











(54) [ft9J®««i] Ste*3*WS^>*»*i* 



(57) 

[ ffl fig ] MUlSHC n MMfBWSftl * 2 O u mVA 

x-mm-cm^t&xut , mnmm^mmmi. 

mz^ts: < t i, , T9*.7? -^Mft Sr ^tfS^ft^ 
2 0// mJ,Xh«lSJ¥Tji£^$-frSIgfc . nMS€W 

»#cM^t* t«£ i^*-r s xn t , s»£g^ n 




(2) 



10-117016 



mt<m i ] muMiznmtmmmi: 20u 

[ii*ii2 ] wmmmv* v^izt 
ti-imm i £mL<omfcmmm=M§mjim. 

& is ; fc © b ti mm ittz\t2 tiES 

[ti*ii4 ] x t assise nmmm^mtkm 
%2o u m®±ff)m.?im zmxmt. n 

n MMftW«#:«±g|H^& < 1 t , 7 9 *7 ? -T- 
[»*H5] fflEnSa«^«#:S^*f*, ^(0n 

%M%1Zts%M%i*X'7-- , J yy-f&XMb . <e<of£ 
I> i 2: 1 ■£> 11*114 i fcti 5 fcEa^aftft* 

[fi*Ji7] friEniya^w»*«(i:paMtw 

^JftSSfiLfcM^^ U 7iftg£/J^ < LT, p^ 
- 1 £ #S t f 4 11*11 1 J^S 7 O l vtffifr 1 mz 

[0001] 

F) , LD (P-Hf^^-F) fWMf^HA, ± 
IfiftdnjAljGai^N, OSX. OSY. X + 

yssi ) s^sst^t^-f-s. 

[00 02] 

[ wsffi ] mmmmmzmt led, nfeig 

^-y>?"^Fn-A«jgiJJ«A 1 N, GaN^77rl^ 

g a yvmm^imtm&mmffimmizti 



a H B {± 1 2 o omK i7jmffu±w«ia«j±»H^* 

[0003] A/J,? JMSJKcJ !> G a NS«^'ffl#T"# 

8-1 1 6 0 9 r^SffitiS 
t GaAs„ GaP„ InP, S i^SSJit, A 
■y 7 r Ji*4N/t G a N£ 5 0~ 2 0 0 //m^Iftl 

&u zcoimumm. tt&^v+yfmmmzx 

[0004] i.tiZ(?m. W7- 1 6549 8^iZ 
ti . *RW±^ W 7 r Jit G a N Jji^ftJl t £ «k 0 ig 
LT^^T. GaNfflg£f&&tS3«;;&<l2»3*l. 
TisD« #M¥7-2 0226 5-^tii-tf7r-<7SS 
tZnOi O^SAy^rJf&^^-t. f^77r 
1±£/¥IH«G aN^M^ftfi Z n O fcjfflfflifcS 
lT£ i t K i 0 , 1SHOG a N#^ a B B «^#|>^S^' 
jSSflT^*. Sfefc, ^H i F7-94784#t(iG 
a N *fe a B B » «co±t 5V ^(cM5r 1= ««M^S'f™¥« 
LfcH3ErA>f x^'iBSS^Ti^ . 

[0005] 

^StLTl^^', ;^GaN^»«i:L^a«¥» 

mm a n zmmztt&mf >w m^mmti 
<7)itmizm.u\ 

[0006] m-ox. ^wn^mbt&bzbte, m 

[0007] 

^mfvm&tmt 2 aa«m*^ mm 

3. ) &2 0/im^Ji«JKJjT«4|§^^Igt, fin 
Mif±gPtCi!'-5:< t , 7^^7°^-^ie#)&#tfSft 

thzbrnmbth, mz*%W)m 1 mm^a \ \ 

TiiMtxh^/MMgAiiO,) zm\ ^n^X 
Ue^Htw (ill) 

[0008] *«BH«S 1 mmX'lt. 7?*7?-?F 

nmm*x7--') yy-fixn^&z t &#git-t 

§0 SSjI^^«fflMtpT'7-- l J>'^-ri>W(d:, N 



(3) 



10-117016 



ry^-T, t^y'yf^soox:- i 20 0°c 
ikmm< tzho^iA o omt-c&s . nmit^t% 

fflBNigT-- l Jy^"tJ; 1 9, 7?^7°^-^»Sjfc3g 
-T L fcgft & § & izWffi. iz-t h tzib l/ZX" 

M. £ cor-- u y y t> 4 o o mii-efi 5 £ t #s 

[00 09] tt*^«m 2 Xt^SR 
±SPt n Mil * 2 0 u ma±ff)mifT&M: Z it h Iff 

nmM^wmzmmm^ixmt. mmm: 

*HBf1«IS2«S«tfc^Tt. Xtf^/I^KCD ( 1 1 

i ) m^mim^m^&mtti^t-mt u>. 
[ o o l o ] *II«If*iI(cfc^T. SM±» 

^StfSkffCli&C SSttgtTGaN. A1N, 
Z n O^WS'.y 7 TM&S&Zlt. 7 7 r«t«L 
?SIJ¥ 2 0 jtx mJ,Xb9 nSJf Z b i>it*tl 

& nmmzmixf&m i bifxa%< . nmrn^-y 
yrm. ^t<iiisi, ttzmmmmmixm 

[OOlll^C, *^3f!^2^«T1i, nil 

[0012] ±tz^mmm2cr>mmx'\i, mmmk 
Mk. nmmm¥mmmmm^tsmm%*x'T~ 
-y y?"U ^«f*r^-fer^-^»%^#tfg€W 
SttJBjfcgBL *«i^*%^#ffl^+T'7--y y 

/tj ,i y m&b*z &mm£. mmz^ts 
m%*xT~~ y vns «(±. n i m t 

K±LTg H H H tt«s^s«^s^i>/'^T* 9 . mm 

fc, 7^-7, hb'5y>fJfflU3 0 0°C~1 2 0 

o°cw#hm+t-t-- y y <r t #*M* fi 
hmihm^<%&&mi4 o omit**. 

tnt<Klt^lz77^T? ~T4m t Lfz H H£ 
h h b+ J: 9 L , 7^7°? -XMft £ F -7" L£S€ 
«»#cJf£ £ t tfiffiffi^l»^46T"J) 0 , 4 0 0°C 



t^ffi 2 «®KTti , n MJf f i p Mil tSSfi L tzMn* * 
U TilS £ /JnS < LX , p MM€ ^Slh.tffl!l 

y rif mz±£ <-t&zt mmti-t . 

[0013] 

[SKH«§Stt9JB»J 01 ( a ) ~ ( e ) li. *5g0J!w 

[0014] immzmfct& h 

cDX'iii: <.MilfMOVPE ( *«^*^fflJS* 
ffi) . HDVPE (A5n'MHS) . MBE 

[oo 1 5] ai (a) tfc^T i oitmuxhh, M 
wi*aif;oiti oo±t^S€i> 0 mi 
vmmxnMMi oizte. *t7TAT. xm%)v, s i 

C. GaAs. Si. ZnOfOiiMt'Hi 1 . 

jf * l < ffl^* . x v^Mmmmzvc 

mix. m^&comfcmm*2Ottmw±0)jfM 

TtftfkZit&ZbtfTZZ. L*^Xh 0 ^O ( 1 1 

i ) mzmitmrncommbtib, mmm^ 
mm^mmwmxmxz t . %m$&e>& im 

zbtizi.*) '#mx*% . ^to^tt^^' 200 § t 
tiff* t < u 1 5 o#iaT. stiff* t < (4 1 o ofm 

9 < , %-=SrffijW iiixt ^hb ¥'JHtT"# l> . x 

t°*Mmm¥m&b^T%.mm^%< (9 
%) , it^»5s^scn^4>^<, % Mzmnmm* 
m& ± m ■ >± ft tt:fe r-itK l -: s^a- i , 
mmcomm^mmm^x h??-,? 0 1 < 

ItG aNclO x< mti±«MJ¥T")S^I> bfy^y? 

[00 16] mz, 0tffitTA'.y7riil 
l*fR^-frS. A'. 7 7rJf 1 UitflRtfA 1 N, A 1 
GaN, GaN, I nGaN|ffll«fiM2 0 0 
°C~9 0 0°Cc?)f£iaT"JSS§€l> o A'-y7rSl KiS 
fit 1 0 b «y 7 r « 

mmmM'comxmzx y y y v-r ( f 
-tl^^) cow&x'nm^tmmifz^. 

[00 17] Stt (b) t^J;3t, A 7 7rfl 

1 fc*L,T , nMl 1 * 2 0 ju mja±«]gJ?TJ«^§€ 
6. nfflMll±A>y7TJf±9i>affiTj£g3-£.&. n 

jS{4GaNt-ri»-t^'M*LV^ GaN(iInigL< 
iiA 1 £#tfM«¥?§#:J: 9 tJS^^^f < , fit 



(4) 



#!B¥ 10-117016 



LtfrtvyrMl l«±CGaNJ5AimMM, % 
COiCInGaN^O. ljum. §ttGaN£5/im 

fc^Tt. Ml 0#xt*7l/C&mr. ?5'y?«A 

#*L<ttSi, Ge, SnmtWI—WmtY 
ZbtfmtU\ nSfll«jlff(i2 0//mja 

* -3 T , jEH^^f - -y 7° £ft* 1 < < ft 4 *» S> "C 
[0018] Yi—T4mZ l>7i§Jg£ 

mm-tm-s. nmrnim^urimw^^yrmi 

U 7?I££±# < lM> i: . ftCIt 1 0 fcffllifctyc - n 

mm i iitnms&ffML^^cT)^^ >j t&aswj&w 

[00 19] JJtt (c) t^-fi'SfcnailtSfUT 
*Stt*2*jS£Stf$. nSStdgLTJE^tSvSttJf 

Jf 2(± l n^&ffltWIftj; 0=5rS#F«^tri 

0 mm l.mt< (±H7Cfifi^ InGaNilW 
#FJf#li£U\ H7Ciific?)l nGaN{407Cfifi» 

tfflUi-f S . L E ^SSt S^iiSttJfJi*- 

W#Fifi DftS-^-fii^fFffilm ( S QW : Single - 
quantum-well) fc-fS. L £ft*f£*g 

^Ui. I nGaNj;i}^#Fit. #FB 

Sift £«JfU^fifi^#F«m (MQW : Multi - q 
uantum-well) £t&. mm *> H8(CZ7nB*tf> I n 

r G ai _ r N (0SX'<1, X' <X) &jf&L<, #F 

+p*^+#f+- ■ ■+mm+#p (z<7fMX'h°i) t 

Jf£ 1 nGaN^«IU:MQWt«L M^Jpffitfa 
H3tr-» 365nm-660n m^T'^ftTlft LD& 
SSS-ti £ t iPC% S #FifO±fc 1 n G a 
NiDftSBSlf^JftSfc. 1 nGaNi^ft&Pf 
SlliA I GaNti:t^TlS H B B *^^3&H^ 



=r >y KJf <5DA I G a N^JfS £Jf< 5 WT'V- -tf'^g 
& „ § & InGaNfcAIGaNfcT* 
fc&i&^JfcgiBgtfgSra. MOVPEffiT1± 
1 nGaN&6 0 0X^8 OO^TlfclS^&WtML 
AIGaN(49 0 0°Cj; f 3s^fflST"jSfi§-tl= o 
«-)T, 1 nGaN±9&£#F«£l&g3-li:fc8L A 
IGaN«tO : 5r5BtffiJiS:tK^S*J:'5t-tiitf. JfeS 

tJjtSS-frfc 1 n G a N#F*##fl?LT L * 5 WIS 
fttt<9Ji^#FJi&#£ £ fc (Ml L t \ § & t#FJfO 
KJWiJft+jry y'y bo-AU^<. fflftWF** 1 

U PSMli 1 nGaNktlt> #F1 fc PSM^ 
-iBjrc^-CSS. fiHT. 5fetffMUc#FJI^ 

arts z b ^t^ttwsuMQwjists i 

h nX% h i>K ffit#Fl ^lnGaN, PtMJl ^ G a 
N. A I G a Nc7)X o K#F« J: 0 tWMJfOA'y h=¥ 
y yT-x^/Wf-S^S <-ffi\ib^i. 3«ttl 
^. I nGaN^SS^#F1«jS, ^t<ii#-«^# 
FflUt«0Sffiii±, I nGaN#FJfO*M^-tJ; 
0T§ & I n ij y ^cox^;^-^ryy- J f^#FJi 

x^^hy^SftL. S4x^yhy*%MS^T 
<r^. -^ftx^^hy^ti^^tHTJ^'r&lit 

Tnmmzmmthb, ^ttitaAS^t^t*- 

mm^bmzmwymm^mtm^Ki . ; 
<ofcft, ^ *y 7**>i o~7o tyyybn-AiHiG 

IS36«ft*33C7C«)InGaNj:i3=Srft»^S, »4<-^4 

[0020] jjctHi ( c ) a t, vSttJf 2« 

(vxr. T7^y'?-^mm^tsMim¥mwj§£p 
MMt^o. ) zcDmxtmhWimL 
EDffim^Lx^&cDT, pmmi±pm7 7-yvm3 

b, pmzjy?7bM4bfrt>%->X^&j)\ zix^n 
Pliwit, ^StcjetTM^I=*M&*tSpM]f 

. mmnixbtitf. b ^ x h mtz mxtt z t v 
zfio zbi/zx*)^^ £<sm&pm*9m?% & . 

[002 1 ] H±coJ;dfcLT. S«l OlCnfll 
J20Mm JjUiWjRWCjfiS S * , * W n 3UI 1 W±t 
^*<f:*>, pSM3, 4^jS^$-H:S. ^fcn§y)il 



(5) 



10-117016 



l , & tz nMi 1 1 p mi 3 1 comi^sm 2 zmm 

*Ti>, #?&HJ«irHl*rCJ>&U itnMllfcffi'K 
S2tff)mz, MtjjUO^&nMl (Wiifnl^ 

[00 22] M-ftW^ftJ; D&£*^fi®&J& 
7xW^SK«t§^ffi>9ftLT, HI 
(d) t^fiit;, Ml 0£&k*-f& o Ml os- 
y- y&ym^wfhh, mmx 

mm-fh Z t [z i. 0 i5*T"^ S . &to0 1 Tfi^'-y 7 r 

jii i ^^*lt^i>*\ A' 7 7rii immm^ 

MXh 0 , x>yf-77', ffilg^gffi-m^ L £> »+ 

ZUttsc^tzfo, i^fcAv7rm l*>Ki£3*iS. 

1 « J: 3 LTM i 0 & 5 , n Ml 1 <r>$m 
t, pM14^Mfc^±T£EftU:7x-^Srff* 

[0 0 2 3101 (e)li(d)OTi-AKf77 
« t-TO 0 ft t tStt^Sfrf- '7 7H3t LT V \& . 
fiffifcfflSTf-£ nMl 1 »W:lintS2 0 £Ktt, 
iif?)pl3y^ni4i;aiffi(7)pli2 1!: 
^>yK«ffi2 2t4^!5rSlta*JgjaLT^&. P«® 

2 1 iiMi^MWIT* 0 , Miff 0 . 1 ju m&T 

commTM^iiit^z^ P m3y?7ba4tm 

*£ttl 2 p ||U> ^«fflf# T , RiWfUr * 

tzwz P mM^£tih7kmz7--o y^mzmmi 

X , ffiffim^r p MlT^Ifclf^ LT^S. ^^••yK 
*I2 2(±3^KWp«ffi2 1 ttt»V-Y-V-^>r> 
y^'YStS*ttmS2 l^|[JA%^t< : 5:l>W. p 

m«2 icD§wtim±-t&tmz, u^^-^y^^ 
ymmm^Hzix^t. st, Kvvwstfip* 
m 2 i « t , ^-#>r -f y?m>#y 

[00 24] ^mcom 1 «SS^W*«G a NCDMM 

& ft $ -f tK^fflJta T L i d i £ 1 i 0 co 
■CSJ^Ss&a^lK 0 ft $ i^ftfet . SMfcftWi-S ; t 

[ o o 2 5 ] 02 ( f > ~ ( j ) a, t^mcom2com 
nv&xmz&^xn^ti&v^-JwmmMm* 
m-tmjzmmmx'foh, zii^com^iz^mco^ 



[ 0 0 2 6 ] 02 ( f ) Still 0(i7t°^J; 0 
S. S?2^i»}2ffil<7)fl«£#l&9, M 

lo^zumm^^^x^^mma-t. z 

cotzbb. 1t-ffli£<0 n MM & Wlfi-CJfcS $ ■£ h B 
KnMl£RjE^F*JfcffL, 1 0 0 O-CiiLhOKiST" 

teHBitg^ff^st. nMi^sm, mmcot^Bm 

[0027] MXb'^lll 0tffiLTvS'.y7rJf 
1 l£j££SH*£. A'.y^rll l{±mi^ffi«t!fft 

[0 0 28] ft(:;^v77rll lttSLTnMll 

* 2 o w m a±,cows-x$LM zm«m2 comnxn z 

CO nMl 1 (i#-«Mlt^^»**M. 1 1 < t±G a 

nt-2 o u mtt±.commx$Lm-t& i t * { as t^. 

S t (C . SI 2 . n Ml commm tl<lZ5 
0/xmtli, Sttff4L<t410 0jumfiLh. ft tiff 

i l < (4 1 2 o mW±cDii»-etfyt£ & ; t *ia* 
U\ nS»ijSS»tffiEio*l8*tT, 
ir^«Sk^l»#a^nMl^f^t, S^ti^n 

JKiJcoa-ftii^fti^MT-s & . # 

[ o o 2 9 ] m i wssatt n t <m2commx 

-7L-C. ^V-v rrfiK**l*L^ n '("l&m^SlirS 
i taS^* t< . F-f-^ilft^ F-7LT^y7« 
SSrll^tS^ nMl 1 «^ ^ U 7ilS(4A'-y 7 r 

1 1 1 ^SBfiUdlTJ^ y 7««^7X# < U A*.y 7 

rill *^«^dIJ7J^^ 'J 7SS^/h§ < 7-|> Z b 

[0030] mz, nilljSm 7x-^^SJtE^ 
ffi^JROSJL, Wig, x 7 fym#SCJ:D, 0 
2(h) t^ti 3 tcS* 1 0 ZftsZ-tZ . 
^^ttCioT, Sl«±ffitm2<7)±ffii;^BftL 
)^ n Mi 1 J: 0 1- ^> 7 x - ^ a- f^t w - t /J ; *'C"d & .:. 
it, 02 (h) T'i>N«^V7Tl 1 im^ti 

x^&fi\ zcowm\±mimmmtxhh, 

[003 1 ] S27Jffi«T1±, SSI 0^* 

ft, ffi«»€MJ^^MftW«ftl^)SS$€ X o 

b-ttnm.mi<omm^mmkh^zttmtu\ 
mmtkttzai, ^x 7 f>^i, wis, 

S€W«ft^x.y^y7T^ l»?M'J(i«+ U 7lt« 



(6) 



10-117016 



-th^tizi*). mum * h ~> tmm*mm:$& 

[00 32] act, 02 ( i ) fcjS-J-J: 5 fc. nMJl 1 
«ftffiKSttS2, pM^5'/KJ13. P l3y^?f 
* 4 5- S . iStt/1 2 (±31 1 «S8S-C^^S5 

ft M t R*0 1 W £ L \ \ ttz iSftJl 2 k nl 

ntvh*). t^mizmtx. m^m&^-t&P 
mm % ims<7)±Tfotni k z <m \mx t x t, js v \ 

[0 0 3 3] H2 (h) (4 ( i ) W)i-Ai^f77 
0. it«m«2 K VN'.y F€S2 2«^fflJiS(±Sll 

cos* t mzm i i> o-m&t ^\ z y nm i 

(e) ?)*>yTi;g$:.&j£li, vSfi«2<7)Tt$)l.nM 

com o T"* s . *»BHt i s t , m^mmm^t 
y ? y y-t i z k \z ± , <?4 yy m^ji9tmmm 

Mmt,zMti%^£ot,z~f&ZktfT$&<?)X\ Xrf-m 

mmm±-ti, zco(j) mmiimivmmizio^ 
xhmmmmmxhi, 

[00 34] 

3^ *^HJ^ffi«± M O C V D fi(t 
< , MBE, H D V P E ^M«4^§ft£)£J|£ 

^itzmz^mmztix^&fohty&ijmizmmx'Z 
h« ttzm^mmz^xh, itmm^Dm^kL 

D LjW^T n^i*', lit ^JSCTtRKS ^ ti 

hitoox-m^, 

[0 0 3 5] [UttCTl] (fglO®*) 
0 1 *7Et LT*M^|g 1 <0!B8£IMIftS .(11 
1 ) ffi£j££fflfc-$-SXt*/l«l 0 (MgAl 

4HBftLfca, ?J<«£SL3rA^ S««SS£ 1 0 5 

[00 36] J^ve, iaKS 5 1 0°C4T'TH\ 



Sr&^'-y^rJli i £1^2 ootynhn-Miff 

T'jfcft^itS,, A*«y7rJl(4A 1 N, GaN, A 1 Ga 

Nmti\ 9oo-carco&&x\ mm+*>?z}>v 
t±«»'t*;ttitriB-cft*. 

[0037] ^7rll lJ&g#L TMG«^±46 
1 0 3 0°CiT"±#$it§ o 1 0 3 O-Ctfc 

-rtyh#x£is5y#zim\\ mi (b) iz^-tx 

5t. nl3^?MltUSiF-7nlGaN 
1 0 OiumcOJiSWTfig^^S. niay^^H 
1 tigffiiO 5 0 ^ mSaJf^ 'J n + k IX . 

<n 5 0 m Srfi^-v 'J T«S« n-i«„ ni^yf 
^hl{±I n K A ljGa^.jN ( 0 SX. 0 SY, X+Y 
^1) t«liW-*£t* I ^#, #HGaN, InGa 
N „ %<7)*X'i>S HV-rLtzGaNX-m^lZk 

mm* i^- s -y ?m*mt>ti& . nvmm 

k LXHA 1> Ti> W> Cu, Zn, Sn, I n^c?) 

[0038] i^CIIfl#A(;TMG, TMI, 
7*ffllf\ fiJS&8 0 0°Ct«^LT. /yb'-TI n 

0. 2Ga0.8N±U£*#-HB*Ffl!5e (SQW) i 0 
^rl>vStt« 2 S- 3 bo-AcoKJ¥T«*S€ 
S , S'ttl 22: I nGaNi *} % h #P * i 
^#F«]t^ L < ii^fiS^ #F«}t t f§ k . A^m 
Ommrcm 65nm-660n mm"C<n8HtiJl%?k 

[0039] JJtt, SS^ 1 0 5 0°Cfc±#£-£. Mg 
H-rpfflA 1 0.2Ga0.8N j; O^r^pM^^-y FJf3 

ib<«AlGaN*m^-fr5C:fc!6 s a4LVn Pi 

1, Zl-lK£>CDT7*T?^M.mklXttMg. Zn, 
C d^«IlK7C«&*(f Si t^"T'# , dfl^WT?^ 

T?-^a»£ K-7 L.^*S H B B S 7-- 'J >"^"LT , 7 

[0040] <JC(C, 1 0 50*CtMgF-7plGaN 
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mmmmmmi ( c > -ess. P i3> 

?ni4lipll n x A l ¥ G ai _ x _ Y N (0^X„ 0^ 
Y„ X+Y^l ) Tffifig-f-Sit^T^, WCC I nGa 
N, GaN, •fc04 J T"tMg&K-7°L^pMGaNt 
"tSiy fti^r-rUT}fScOa^paS^#^tLT. IE 

mst s >y ^»«^#^ixi> . ims«»4 

tLTtiNi, Pd„ Ir, Rh, Pt, Ag, Auf 

[004 1] 50E»7flL *7 x-^^Jfcg^^Ky 
ffl^X t"*;P*K 1 h°y^" LT , 121 1 ( d ) £ 

y? ? bit i y y y ?ixmww.t -t h . 

[0 04 2] ^vty^U^x-^Sr&fc, r--u 

y?"satf#MU r>'t-riii4't 1 1 o o o s c 

<73T-- i J>^"S:?t3 0 Z<7)T--<J>m. 3 0 0°C 
JiLL 1 200mFCfrV\ 7>^-7, SJPf^N 

[0043] r-- y y/a, r-- y yymmmza 
wt, ^mni&t&wmsn* (sssshso x\ 
7 o o°cT-7--yy7"&tf t\ pSJffcSfetffiffiffi: 
■ft-fs . z(?>7-°- y >-/(±a^4 o o "c^ll-ch 

[0044] 7--yy^, ;)fJyy/Ltnl3y 
^bSl^ffl^fJiJ^HtTi fcA 1 £-£tfn1tfi 
2 0^2^m^JiJ¥T-JFML, pSay^bM 
4<0(M'£ffitN i tAu^^tfMfi«PtS2 l£ 

i o o ^-y^ b n-A^Kf xBs&tt . pI3 y ^ 
? M4 mmzft * I 5 -y ?&M&m> fcti, 
«&RJ»i l o o o ^y^'x b n-Aiart LT3t3fcffi 
trf S £ t Uy **Uimffi7-- 'J y^t* 

«*Mttm«£ iio t p Mil u P s« & $ 

IZfflf 2um(0J^-y bt* 2 2 £ Jgifct § . 

[0045] im i,y i ur iK. mm^mm^-^ 
%nm?>?7 bMicomrmm^xmfflLx, 25 

*rr*i-rs n«ffit P «ffit unfits < 1 

f ) 2 OmAtfcHT, Jt*"|6l«E (Vf ) 3. 5V, 

[0046] mtmm mm\ 1 t*3^-c. 

7T-Y7 (00 0 1 ) Mi*HI« ' ltf!{i£Jfcf*|J 
LT. -tf7r^7SSo±tGaNJ:95rl,A'.y7TiI 
£20 0 ?X b P-A«ISJjT-?FM-f-|> . 
[0 04 7] JWdt^ys'-yy r Jf<7)±tS i b-TnM 



GaNJl£5jum{R£3-££, 0 CCKl, 

Si F-rnMGaNJftfO±£. S i b-7°nMI 

nO.lGaO.9Nif £5 0 O^y^-X bn-AjfcS^-tf; 
<W=Rfc<Si H-/nlGaN^5//mMJ 
§£>£S i K-Tnll n0.1Ga0.9N&5 0 0^" 

U3&JIOT60. 6//mOnM3y??bJl£jjSyi£-£ 

h . i^sMiiatw i fc nmizix l e d*^ * f^su 

fcfc£6. HJHWS (If) 20mAm^, W 
MtE(Vf) 4V, H3EEii^2mWT*ofc 0 
[0048] [»ftM3] (M2CVmM) 

02 £jct LT*»)1«m2«ffia^ira-f-S . jUfcflJ 

SSI 0 (MgAl 2 0 4 ) co^'J--y^S:fi : V\ xb° 
*;l/S«l 0±tGaNJ:UsSr6A V 7rJil 1^2 0 
0 ^ y ^"x b n- A OKJST'-J&JI 5 . i co A' y 7 r Jf 
fi0±{C. n + tn-ltJfflitnln^^Mlt 
LTS i b-TriMGaNJISrl 0 0 # mcOKJST^ 
$^^> 0 02 (g) 

[0049] JS^. -7x-^*SJK§^^JR£ilL. 

h°^;«Rl OZJ-yVyriX. 02 (h) 
a£Xb^;««l 0Sy"M'77rIll&i*Lni 

s (n-) fflconMny^^bJfii^^yyy^tTSi 
[00 50] ^yyy^'fA, nMny^^bJi«&S 

K^Is^jIL, 7y ; E-7SHa4 r t\ 1 000°Cc?) 

r-- y y o „ ^fcaffi^fc u^ffi^ * y rats 

flc^na^y^? MIJltt^#ft«i«Itt 
[0051] HiS^iji fc^«ttT*°y yy/L 

tnlay^^Ml «^fflt s QWfflitwvSttJl 2 Sr 

3 0^y^'xbn-i,«HJ¥T")SSS^, Zvxmmn 

illMg b'-TpSA 1 0.2Ga0.8N i 0^I>pS^7 
7h'|3*0. 5//m«JlJjT"^§^, Mgb-Tp 
MGaNj;y^SpM3y^^bii4&0. 5//m«JK 
WC)«^-li-S. ^ft«»TM0^02 ( i ) -C&S. 

ttdmm 2 *its§^i>fft ni^y?? bJt i <m 

HtCGaN. InGaN, AlGaN±DW77T 

[0032] fyjmj'a. fzmmizimx. ipi-^ 

i^^«ffl^. {fctlfS*, Ar|»S|g*, 7 0 

o°ct'7— — y y^w\ pmmtzbizm&Ltet 

[00 53] 7--y y^'S, ^x-^^Rjjj^s^t 
KOffiL. pfflny^i7bJf4tBj|^^1il 0//mt» 
B^CRI E (EJEtt^yx-y^y^) x-y^-y^S: 
ffv\ 02 (h) t^-ri^tnSrjy^^biiWTffi 
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[0054] mzmmm 1 1 mmz lt , Bimmsfc 

WlZT i t A 1 Z-^tsnWm 2 0 & 2 // m^Jgif T'*ji< 
U — 2i\ Pl^yf? Mf4«(5Q'^ffitN i t Au 
£3tf3i}ft40pWi2 1 £ 1 0 O^y^Xhn-AtO 
Hif T"JFML, P m«2 0«(5H'4i*fcJSW 2^mWt 

[00 5 5] Iil±«Ig»7SL M«^«#^x-^ 

«7^±TtM[6lt-|>n«Sfcpmai:&#L. If 2 
OmACiiHT, Vf3. 5 V. fBftil:}] BmWfcftiX 

[00 56] [»feM4 ] 0 3 J±*MI3^ffit J; 0# 

m^mzx old zwtt lumm^z . 

[0 0 5 7] HftM3«3^T. Xf^/ffll Ofci 
VVs'. 7 7rJf 1 l£Rfc£U JfcRB&tf'J^y^'Udl 
JS1 0 OjumiOS i K-TGaNiO^nlay^^ 

hJi i ^x-A*RBSBrttiaiLfctft, j&K«8 o 

CCtl/C, MfW'yUCTMG. TMI ( M/*-?-/M 
yy'7A) , Ty^-T, 3RK«i^t:^5y^*ffl 
V\ S i b'-TI n0.1Ga0.9Nj; D^S? 7 ^M: 
Jl 1 0 1 £ 5 0 0 :*y?"J* h a-J*<?)W$-TfSi&Zi£ 
h. Z<7)?5v?W±MlO 1(41 n£#fr nSOgft 

o, &£j&g3-£SA i Oftmi^nwtsn^m 

Ml 0 2 £ J¥&TJ&g ^Bffg t £ 0 , imiz 

i l < (i o . i mjaji^ifiWTjs^s ^m-ffih 

h. «*T14GaN, A 1 GaN/l^J±tCttffi, JJKO 
Al GaN£]&g3-tM>i:, SHKI3tfcAlGa 

^7 7?PSitJll0 1^ iXt^S-frSA 1 Sr#tf 
IS 1 CO nMSMW**)! 1 0 2 5 «>9tf\h<n& 

m±ti ; t #-ct= & . ? •/ ? i&tm i o 

O^y^Xhn-A^JLL 0. 5jumjaT»JR)PCJjtfi 

0. 5jumJ;i?i»J¥^i:, S H i,gtt*«^Sffil*]tl> 

[00 58] 1 0 3 0°CtbT, 

TMA ( hlJ^/PT^S-^A) , TMG, NH 3 , 
SiH^fflU, S i f'^/nlA 10.2GaO.8Nj; 9 
^I.Il«nSiftW»ftI10 2^0. 5,«m«K 

j¥t«^^^i> . z.<nmin nmmmwmfam 1 o 2 



L s ±£?>J; 5 !CA 1 ^iMfMW»(*> Ss L <i± 
AlGaNS:Jfi^S-li:S^i:* s aaL<, lOO^y?" 
.Xhn-AJiLh, Sttff* L<I45 0 0 

^■y^X h n-AJ2JLL. 1 ^£ mjaT?J&£$-t*-& i 1 1 
J: 0 . fe B B H tt^S^^ * U 7ffl t &ftJf#J&£T# 1= . 
[0059] ?SK£8 0 0°CfcT(f . S i F-TnMG 
aNJ:9£Sg^<?Dna3fl5f!j¥#ttJI 1 0 3£0. 2 

m\i.m'AYmbLXimL. GaN, InGaNj 

j£^§*sc:fc36 s a4L<. ISioo^ynbn- 

§£>t#£L<(42 OO^ynhD-A 

[0060] mz. EMXCTMG. TM 1 , 7^ 
-T^ffl^-C«ttS2 £jfci§-£SJ§tt»4fcJ££8 0 
CCfcffi&LT. i-f/y^-n n0.2Ga0.8N i o 

S. MZTM I ^^JtS^S-frS^fl^-aK 
t'\ yyF-ri nO.01GaO.95NJ; D^^Pf^lSr 5 

0 * y b p - a wuji t** S € h . i ««ft S 2 

[006 1 ] mz, 1 0 5 0°Ct±(f , TMG, 

TMA, NH 3 , Cp2Mg ( y ^ p^.y^>>'X-/P-V^' 
*y>A) Sffli^ Stt*J:Ot^'yK^V.yrx^ 
^f-^#l\ Mgh'-rpSA 10.1Ga0.9Nj;0i 
h% 1 «0 P Mt*£2f*f 1 0 4 Sr 3 0 0 ^-y^"^ b 

#M 10 4(4. *HSIMt1ipSi:U^* { . KHjS^ME^ 
fcft. nS>P«ft& h'-TLT^^ U 7i«Stl^ i 
SttTfc^^ ftt»^t<{4pSi:i-4o 

p 'sr^ft^t^fw i o 4 mmi o . l^mWK. 5 

t>lzm L < (4 5 0 0 isVfX V o— AJilT, ft iff 4 
K(43 0 0*y^hn-AWTti^t5. 0. 1 
//mi DJf^ffTfiyi^!, t , m 1 «MfWW«(* 

*m$m$im. 1 1 < v wt> ?$> & . * ^ + u 7*^ 

cOx^/l/^ws'UTSr hy^»!)*t 1 Dajit"#^< 
Al«Jt^^AlGaNgKf| 
^§tLD«^i4^jit^< ; S:l>o M^(4'. Yffitf 
0. 2jALh<7)A l,G ai _,NT'l>Wi'500^y^f 

«frjf 1 0 4W8U¥wTPJI(4#tPJ|gLiv^i, 1 0^ 
y h n-Aj^±wJlJ¥-r'ffMt-|> d b tfMt U\ 
[006 2] 0 5 0°CT'\ ^>K^>-y7X^ 

/k^f'-*^ 1 »pMM«*ef#:ii 1 0 4 i D fe/J>§ 
<-\ MgK-7 P lGaNj;r J :l>S2«pIlW 
«ftjfl0 5^0. 2//m«JKJjT"^^^4 0 
(4. HMtLT^fflL, »2WnMSMW«ft 

1 03t|Hlt<GaN, I nGaNT^S-frSit^ 

S*U\ ;»Jf{4S3i?)pMM«4 £ »#;Jii 
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0ty^ho-A-5Mm, L<{i2 0 0 

tvnfn-A- 1 At m<7)imTf8MZlt& Z t K J: 

[00 63] lUt 1 0 5 0°CX\ >\y Kdf> 7 7x^ 
;^-^'ffi2«SMW«#:il 1 0 5 J: 0 fc^#V\ M 
g )!-7piA 1 0.2Ga0.8N J: 0*^113 iOpIif 
1 0 6 £ 0 . 5 mcOJBITCJS^S** . - 

oat ±s? i o n m.mim^mw.m io2tnt<.^ 

UTfflta^S. MOT!t£»JItLT#fflU Al 
££tf HKIiAlGaN 
■&£fc#S4L<, 1 0 0*>yxhn~m±, 2u 

_L l/zmiitT-C-^^^cIktiO. satt<osv^ 
^ 'J Tffl ta»Jf*%MT"# s . 
[00 64] ^SatWdOJ: 5 1 1 nGa N i 9&£#F 

0.1// m JJITO Aimiltf)P MM fMW» f*« 
1 0 4 £i£ft, ^ P MMft««f*lJ: 0 fc*Sttl*> 

^mtitzwz, m i copMa-fw^sj; o «> a„ 

F df> -y rx ^ 2 <D P MSI WSft 

jf i o 5 -e^m 2 «o p mmm^mm 1 o 5 
J: 0 ustti^stix^fta^ S2?)pMSfl«« 

ttflj: 0 i>^> t^V 77«I^A 1 £-§rt?S-tt¥ 

zifrj; 0 &&s?3 iOpMatt#«*)i 1 0 6 £&{ts 

mm 1 o4^jkj¥^o. ljumjaTfcf^fstSL/r* 

p«*^aA§ix/tiETL^\ b yJh/iwmz j y® 1 <n 
pWtmm#mm<omitzttfX't-x. am 
xmmnn^i, LD^^fflm. ~^y, 
aA^^df * y ri±, m 1 «psi«fi*i 1 0 

^ <v&mv±w Lxh.hh\ Amxmmmm 1 x 

*v UTfiSSttJB 7 n-- \tT. mi« P 

MMf[»«#;/I 1 0 4 Tffiit£ix§ * . 3f 'J Tip 

mmzm 9 , »i k^tgt&s. 

§ - 1 tf'V^ raia«iSi?)IKv >LJ ) -rl|fI1-|> 

[00 6 5] ft&K, m3«pMMMW»ftJf 1 0 6 
C0±K, 1 0 50°CtMgK~7pSGaN,i;^iSp 

[00 66] JkJ»*T«. SS^Mi^T'TffT^x- 
^^gS^KyffiU 7 0 0°CT-^x-^»T- 

[0067] r--u y^ft, RiEta >om±Mco P 

m.?>?7\-m4t, $3«pII«W#11 0 6 



pMJI&x h 54 7l£« y >y S^fc-fS - 1 £ J: 0 . 

SttJiosae* 5 ^ h 5 4 r y >y v«T(cm*-r s i^t 

M4co»N i tAu J; D5:l>pmffi2 1 
£*h54 7tt(cj&ft-$-&„ &fcp^52 HiV— »f'« 

TX'fo&tzfomzmtmz-fz>'j&mi^\ -u. n 
tA i k^hnwm2ozmm¥-m-wm ^mlt 
v^v«c?)nM3y^^hJiioija^ffitffM-r^ 0 

[ 0 0 6 8 ] ^i-A^Xf?^ T^tffi fcfi 
iiMMWW*^ 

(1 100) 

(Mffl) tfflSt-§fflT"*§ 0 icoffi. R I 
ffi Y 5 >f x 7 f- y /fgt i 9 Sffi£ x 7 y y LXit 

[006 9] «BJm, S*tsffltSi0 2 tTi0 2 j;9 
*SSWft^«H*»lSl^ MCptltfff^^t^ 

7 x ^ >7 y ( = p h - b i/ y ? \z M [6i I tdt 

t z h , tsi ^ttHsM 2 k A/cm^ t, mm 

4 0 0 nm^ji^S^ISS^o r^^CGaN 

^a«k -t 4 1 fsit7i -w?y#>T a y?m 
t&tzbb. j-<y7°cDm^mmmzft_ki. mmmv 

[0070] 

m-h z t tfx'^ttzfo, wans. o tR-Hffli*^ 2 

L^€Slf» t -t h Z k *«-C # £ . 3 4> fcf - ■/ 7^" 

G a N i&WPft l^XLDCDXo &£ffl£ j£V 
t -f £ r> H XTIiGaN «Hffl t J; 9 §^ 

[Hi] *^BJ!«S l coimeo&Tmzmit&tzib 
[02] 2 w^ttw^lg^iiBJ-r Sfcto 

[03 ] *mmimzi. m^tifzy~mTm 
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1 ■ ■ ■ nMrry?? M 

2 ■ ■ ■ «fil 

3 ■ ■ ■ P S^7-yKS 

4 ■ ■ ■ play^^ M 



1 0 ■ 


■ mm 


1 1 ■ 


■ A.y7TJi 


20 ■ 


■ n|M 


2 1 ■ 


■ pIM 


22 ■ 





[01] 



[132] 



[03] 



